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This invention r.elates .fo methods of drfiling 
wells and moe partoEarlyc0ncens sêa.l.i_- 
.terials fo be .nsed in connecti0.n ith Suc_h 
opertions. 
In-drflling oil and gas wells, if s .Cust0mary, 
for example, fo eirculaè around 
bore a:drflling mud which serves fo curry out 
rock cuttings and fo form a lining on the walls. 
The function of the lining Us to prevent the wa]s 
from caving in and to tender the bore hole more l0 
or less impermeable fo the infiltration of ex- 
traneous fluids. Becanse the muds penetrate,and 
seul many porons formations indiscratel:f, 
that Us, those which produce undesirable 
and also those which produce the desired fluids, 15 
the use of conventional drilling muds Us not.en- " 
tirely satisfactory. 
Another problem which frequently' occurs in 
the drilling of a well Us that which Us identified 
in the fleld as "lost circulation." This 
ally attributed fo the penetration of a formïion 
which contains a crack of macroscopic idi,,men- 
sions and thereby permits substant2al quantifies 
of the mud containing all ifs ingredientsl t0 flow 
ther¢into. Where the problem bas ,been. recog.- 
nized in the past, attempts fo counteract it bave 
been ruade by incorporating fibrous materïals, 
such as beet pulp, out hulls, straw, sponge bïë, 
and the like into the drilling fluid with the 
thought that they would help mechanicall:(to 
prevent this lost circulation. Also, where lïédOt ' " 
circulation oroblem bas been encountered, 
tempts bave been ruade fo use cementing agents, 
 SU.eh as Portland cernent and. gpsum of. con- 
 troHed-, setting .rimes -with the/theory .that the 
mterial.v¢ill remain,fluid .long.en0ugh .fo .pene- 
trate the fissure v¢hich is :the cause of the lost 
circulation,and, then v¢ill set to seul if. Hovover, 
these cementing agents frequentl pass .through 
macroscopic holes in the formation and «are :10st 
in much the same manner as Us he mud. An 
additional danger in the use of such cementing 
agents Us that if.Us qulte .dicult; if:not impossi- 
ble, to control their direc.i,0n. 
 the-hole operations and, consequently, if s.qite 
pçsible fo seul .up the bore hole itself in the 
attempt to seul crevicës. Similar objections ài 
ply fo varions organic resins which bave been 
fprced Luto .çlls t0 se.al.ssures. 
_..Accordingly, it is a fundamental object of the 
instant inVèniomto provide a method of sealing 
crevices which are the cause Of: lost cr_culation 
in off wells by incorpprating in a drilling fluld 
partcles of flour dough smalï, enough o enter 
the fissures, but large, enough t0 bë caught me- 55 
chanically there and t0ughienough o hav.e " 
suflicient strength to seal the formation/ 
The second object of the invention is fo pro- 
vide a method of circulating flour dough balls 
Anto a well bore .to i.nd_uce their 
,.f!s, sur,e, and a.ccpmp!ish sea .l.g._theçeof. 
. Other: objects, and ..advaags pf t!e ,i:nv.etipn 
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wfll n prt be obv$ous -and in part appear here- 
ihftër: ........  .... " 
-"The invention, accordingty, comprises, the 
metlïod o PvCehtoE  lb' Cirulgti0n in a Well 
 boè' J ealfng hë ï2ssn'h cansin-it  with tough 
flour dough and involves the steps and cOmbinà: 
tions of steps having the relationship each fo the 
other to be hèëïnafter set forth. The invention 
£Ïo contëmplatës-he incorporation in á drilling 
mud of more or les conventional formulation of 
dough balls ma,de from starch and rendered suffi- 
_ciently.tqugh-to keep their particule .form, r_emain 
d_i.s_c.ç.t_e ._a.nd enter .troublesome fissures .in the 
well. 
In accordance with the inventio, n, I hav, e:f,q.. urud 
that small _balls of .dough, hich ar_e c0.m_ p_o.e.d 
prefer'abl_y of about 100 parts by 'weight Of ,12our, 
containing about 5 t0 15 per cen oluierï,)nd 
50 parts by wegh.f water, .though the 
tion o flour t0 waer can bë'vaied"om about 
2:-1 fo 0.5il, can.,  knëadd to la .smooth bn- 
sistency and bofleï £r  per:fl Of 1]'io 30:riin- 
.utes to..t_ëfighcn th0 and thon used. thi ïb- 
,bery, tough form in. a driHiiig mud .which iS to 
'Se pssd into 
.amount of lost circulation." Wheat,flour natu 
raHy contains aboï 8  12 Per ceng o glùen 
and can be nsed directly in the production of 
ç other.inglub!ë 
ë-doughbl.s':a:be ubsquëïtl 
bY coïCt hérëSfith :rnCëral adid, such as 
D¥.drpchlorie acid. In general, formulations 
35 -e dOugh als'mad:p:r6m lO0.arts bY ëight 
oï wheat.ïiîii wïh 5to 200 parS.by v«eïht'.'f 
.we qa_r bë used. . The ëss-entfal; prinçiPé'i jto 
use just.sufficien.waçèr te .ormpartcles._Which 
4o .C!¢s:_to toughen the materialtoa hard rubërY 
consisteny: 
In practice, the method of sealing a well which 
is showing an undue amount of lost circulation 
Would. involve the preparation of dough balls 
_ f a variety of sizes from about / or / inch in 
diameter fo a few inches in diameter and pass 
:h'e mxture of disciete halls into the hole to- 
gether with the mud being used, taking care fo 
bave the mixture fall opposite the crevice if Us 
desired fo seal. In certain instances the use of 
dough halls having a diameter of 3 inches may be 
w_arranted. Water can be used fo curry the halls 
irt0 the well. Pressure is then applied fo the well 
by running in additional mud or water, for ex- 
ample, thereby fo force the halls into the crevice. 
After the seul bas been .effected, he surplus of 
d0ngh in the bore hole is removed by bieaking 
it Up ,with a drill or disintegrated by means of 
a mineral acid, such as hydrochloric. The tan- 
, dom size distribution of the balis used will insure 
:.60 .hh penetration of the troublesome fissure or 
..pl_e by the halls. 
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The ïormulation of the pe of dough halls fo 
be used will be more readily understood by refer- 
once fo the fo]loving examp:es and tabulations: 
Example 1.--Flour a:one, and, in additional 
tests, flour mixed with calcïum carbonate, was 5 
blended vith vater and the mixture kneaded 
until he dough became smooth and elastic. 
This dough vas formed into halls of desired size 
and th halls dropped into boiling water where 
they were kept for a period of 10 minutes. The I0 
boiling converted the dough halls into hard, 
tough, rubbery material which, for purposes of 
tests, were then placed in small beakers contain- 
ing a small quantity of water or hydrochloric 
acid of various concentrations. The rime re- 15 
qtfired for disintegration of the dough halls was 
noted. The following tabulation gives results of 
the tests: 

TABLE I 

4 
calcium carbonate can be disintegrkted more 
rapidly than those not containing if by using 
hydrochloric acid as is shown by the tests listed 
in the tables. The greater the amount of calcium 
carbonate in the ïormulation, the more rapid will 
be the disintegration on contact with hydro- 
chlorii acid. For the £ormulation o£ effective 
dough halls, the amount oï the carbonate must be 
kept low enough fo permit development of a good 
tough dough. The disintegration o£ the halls in- 
cluding calcium carbonate is essentially a me- 
chanical effect resulting from the chemical action 
of the acid on the comPound to release gas and 
teur the halls apart. Any material which would 
generate a gas upon contact with acid could 
be used, but alkaline earth metal carbonates are 
preïerred because they are water insoluble, cheap 
and ïreely reactable with common acids. Various 

Disin$egration o] gougk halls mage ]rom cake 
ïour 

Comp. of Dough Ba]l 
Percent by Weight 

Cake tïO CaC0 
lour 
66. 6 33.3 0 
66.6 33. 3 0 
66.6 33.3 0 
50 34. 4 16. 6 
50 34. 4 16. 6 
50 34.4 16. 6 
34. 4 31.2 34. 4 
34.4 31.2 34.4 
34.4 31.2 34.4 
68.8 31.5 9.7 
68.8 31.5 9.7 
68.8 81.5 9.7 
44.4 83.4 22.2 
44.4 33.4 22.2 
44.4 33.4 22.2 

Time of Disintegration in Hours 

Temp. F. -' 
8% ïCl 
Room ............ 
I00 36 
150 8 
Room 80 
100 20 
150 6 
Room 12 
100 12 
15o sPi. 
Room 
I00 30 
150  
Room 72 
I00 15 
I0 9 

5% KCI 20% KCI 
(D ............ 
22 
20 16 
9 
......  ..... 
11 12 
10 8 
28 
1 9 
5A 
13 ............ 
34 

After 80 hrs.  dtsintegrated. . 
NOT : (1) In all cases the size of the aougn ball tested was such that 
the diameter was about 1 ïnche.s. .(2.)  all. cases .t w.a.s foun_d_thâ 
the rate of disintegration of the (]ougn alls wnen soaeu n waer w 
at least 5 to 10 rimes slower ths the.rate.of di.sintç^gration .n 
(3) Cake flour, used in the tests summarzed, s a wnea nour conr2amn 
a relatively high proportion of gluten, i. e., about 11 per cent. 

The dough balls containing no carbonate can 
be easily disintegrated using hydroctfloric acid, 
but the action is rather slow. If was noted that 
the acids of greater concentration seemed to dis- 
integrate the material more rapidly than acids of 
lower concentrations. The tests shown in Table 
I bring out this point. Dough halls containing 

soluble gas generating materials cotfld be used, 
such as the a.lkali metal carbonates, nitrlte-amine 
formulations, and the like, but since the dough 
balls are to be carried into the well in an aqueous 
50 medium, they are not as desirable as insoluble 
materials becausi they would be leached out at 
least in part. 

TABLE II 

Disintegration o/ gougk halls mage o/ orgïnary 
breag ïour 

Comp. of Dough Ball 
Per Cent by Yreight 

Wheat H20 CaCO 
FloUr 
66.6 33.4 0.0 
66.6 33.4 0.0 
66.6 33.4 0.0 
50.0 34. 4 16. 6 
50.0 34.4 16.6 
50.0 34.4 16.6 
34.4 31.2 34.4 
34.4 31.2 34.4 
34.4 31.2 34.4 

Temp. F. 

Room 
I00 
150 
Room 
I00 
I0 
Room 
I00 
I0 

Time of Disintegration in Hours 

8% 

(13/ 
31 
15 
44 
24 
:2 

70 50 
25 S0 
36 30 
12 8 
4 4 
18 18 
l0 7 

 After 80 hrs. fi disintegrated. . 
NOTE: (1) In all cases the size of the dough ball tested was such that the diameter 
was about 1 inches, (2) In all cases it was round that the rate of disintegration of 
the dough balls when soaked in water was at least 5 to 10 timos slowex than tho rate 
of disintegration in acid. (3) Bread flour, used in the tests enmmarized, is an ordi- 
nary wheat flour containing about 9 per cent of gluten. 
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The distinction between the problem which is 
te e solved by the incorporation of dough balls 
into a well drilling fluid te Seal crevices in coun- 
teracting lest circulation frein the type oï Sealing 
which-is accomplished by using various organic 
jel!ifying .materials should be noted. Processes 
and muds empl0ying what .are:new conventi0nal 
jelllifying agents are described in such patent as 
United States Patents 2,259,4!9, .of October-14, 
1941,-to D. G.Hefley and J.. G. StSudt; 2,209»591, 
.of July 30, 1940, te c. D. Barnes. Fundame.ntaily, 
it reduces te the factthat a drflling mud using 
water as the vehicle can-show an exceptionally 
high loss of water in _a.b_oe=hol e when itstrikes 
-a ery Porousf0rmationin vlfich the:POres may 
be microscopic in size and yet be sufficiently open 
te absorb a very large quantity of the liquid. The 
jellifying agents described in the ar are quite 
effective in seaHng such ïormations where the 
holes are of microscopic size and the mechanical 
action involved is like filtration. However, where 
the openings te be counteracted are of macro- 
scopic size, the organic jellifying agents are of 
little or no value and if is in this type oï situa- 
tion that the dough balls would be used. Itis 
conceivable that both types of loss could be en- 
countered in a single operation and treated 
simultaneously, ïor a large crack could occur in 
a very porous formation, thus requiring sealing 
of the microscopic pores and the macroscopic 
fissure. This could be done by incorporatàng the 
type of dough ball described in a conventional 
driiling mud or one containing organic jelllfying 
materials for the sealing of the microscopic pores. 

TABLE 

liquid carrying. gen, :id..habilles , e_in, g lrei!a,ed 
by mixing _floour c0_PpÇd ch!efl.y :of .gain fiour 
conainLpg glut_en/with s:ufli. ¢ient water to f0rm 
discree bal.s, prb0iling s_a!d b'allst0 develop a 
5 tough rubbery adhesive texture, and subs.equent- 
.ly .aloplying te said wel s._U!çient pressure te 
cause said.d0ugh balls.t_o.depqsi.t.hn sad fiSSures. 
3. The method in accordance w.t:h .c!a.'m. 2 .in 
.which the .dough b!ls arme .suppl_id .n. .variety 
1 .of .sizes in dispersion n ..a .ve_ll .d.rl.ling «md.-as 
the liquid carrying agent. 
4. The method in a.ccordance with claire 2 in 
which the dough balls vary in size ai random 
frein a diameter of / inch te about 3 inches. 
15 5. In a method in ccordance. with .claire 2 in 
which the lest ch'culation is counteracted, .the 
method of reopening the well comprising, adding 
thereto suflicient hydrochloric acid te disintegrate 
the dough ba]ls. 
20 6. In a method of drilling a well in which lest 
circulation is experienced through fissures in the 
well formation, the method of counteracting said 
lest circulation which comprises carrying into 
said well macroscopic halls of fiour dough com- 
25 posed chiefly of grain fiour and containing 5 te 15 
percent of gluten with a liquid carrying agent, 
said halls of fiour dough comprising about 0.5 
te 2.0 parts of fiour te 1 part of water which have 
been parboiled te develop .a tough, rubbery tex- 
30 ture, and subsequently applying te said well 
suflicient fiuid pressure te cause said dough baHs 
te deposit in said fissures. 
7. In a method of drilling a well wherein lest 
circulation through fissures in the well formation 

Ef]ec$ o! common grilling mug on go«gh halls o! 
vakc lieur 

Comp. of Dough Ball 
Per Cent by Weight 

Cake 
Fleur H0 CaC0 
66.0 33.3 0.0 
66.6 33.3 0.0 
34.4 31.2 34.4 
34.4 31.2 34.4 

Temp. 
F. 

loom 
150 
Room 
150 

Duration of 
Test 
Hrs. 

48 
24 
48 
24 

Effect of iVfud 

Net affected. 
External softeuing. 
Net affected. 
External softening. 

NoE: In ail cases the size of the dough ball tested was such that the diameter 
was about 1/inches. 

The mud was a conventional bentonite-starch 
mud, typical of those used in dally drilling op- 
erations, contalning bentonite, starch, barite 
weighting agent and deflocculating material. 
Because this invention bas been described with 
only a few examples to indicate its scope, they 
are te be interpreted as illustrative and net as 
limiting the scope thereoï. 
What is claimed is: 
1. In a method of drilling a well in which lest 
circulation through fissures in the well formation 
is experienced, the method oï counteracting said 
lest circulation which comprises carrying into 
said well different sized tough rubbery parboiled 
macroscopic balls of fleur dough composed chiefly 
of grain fleur and containing gluten with a liquid 
carrying agent and subsequently applying te said 
well sufllcient fluid pressure te cause said dough 
balls te deposit in said fissures. 
2. In a method of drilling a well in which lest 
circulation through fissures in the well ïormation 
is experienced, the method of counteracting said 
lest circulation which comprises carrying into 
said well macroscopic balls of fleur dough with a 

is experienced, the steps to counteract said lost 
circulation which comprise carrying into said 
well macroscopic halls of dough with a liquid 
55 and subsequently applying to said well suflicient 
fluid pressure to cause said dough balls fo deposit 
in said fissures, said dough halls comprising from 
about 0.5 fo 2.0 parts of grain flour with sucient 
water within 1 to 20 parts to develop a tough rub- 
80 bery textured dough ball on parboiling and suf- 
flcient amount of a material reactable with an 
acid to generate a gas but insuflicient to interfere 
with said dough ball formation. 
8. The method in accordance with claire 7 in 
8 which 1 par of said gas forming ingredient is 
present in said dough halls with from 1 to 7 parts 
of fiour. 
9. The method in accordance with claire 7 in 
which the dough balls are supplied fo the well 
70 hole in a variety of aizes in suspension in a well 
drilling mud as the liquld carrying agent. 
I0. The method in accordance with claire 7 in 
which the dough balls vary in size ai random 
from a diameter of /8 inch fo about 3 inches. 
 11. In a method in accordance with claire 7 in 
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which lost circulation is counteràced, hê meth0d 
of reopening the well compristng, addIng thereto Number 
sucien hydrochloric acid to disintegrate the 1,/16,925 
dough balls by reacion with the gas forming in- 
gredienk 5 1,807,082 
12. The method in accordance wih claire / in 2,119,829 
which the gas formîng ingredient is a water-in- 2,221,261 
soluble carbonate. 2,245,886 
13. The method in accordance with claim / in 2,33/,295 
which the gas formtng ingredient is an alkaline 10- 2,342,588 
earth metal carbonate. - 2,41,30 
DONALD C. BOND. 
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